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Abstract 
This project proposes a pulse analysis system for doctors to diagnose their patients using their pulse signals. A novice and easy 
time-domain algorithm is applied to pulse signal for periodic function examination. Monitoring and modeling our body as a 
system with digitalized pulse signals is one of the linkages that we can find among Traditional Chinese Medicine (TCM), 
hemodynamics and modern Information Communication Technology (ICT). With the labeling of diseases or some modern Bio-
markers, we are able to link pulse analysis, ICT and the latest medical science together. The proposed method is capable of 
calculating the instability of the pulse wave of subjects. After finding the starting point of each period in a periodic wave, we use 
set theory as the constraint to detect stable periodic wave. With normal heart rate checking and the variability of each period 
checking, our algorithm can detect whether the input signal is normal, stable and periodic. A coefficient that represents the 
instability is calculated by the average Standard Deviation (SD) of each period in the waveform. The proposed system helps the 
automation of pulse examination to select a proper segment for harmonic analysis. With the periodic function examination 
method, non-survival sepsis patients in Continuous Mandatory Ventilation (CMV) mode or Continuous Positive Airway Pressure 
(CPAP) mode can be significantly separated. 
© 2014 The Authors. Published by Elsevier B.V. 
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1. Introduction 
The diagnosis model and analysis philosophy of TCM have been developed for 5000 years. Modernizing and 
verifying TCM with scientific approaches to interpret the accumulated knowledge to verifiable model have become 
the Holy Grail in the field [1]. 
In TCM, pulse examination with three fingers sensing the pressure and motion of wrist blood vessels is one of the 
most common images. Pulse examination has long been a health diagnosis tool in TCM. With the developing of 
hemodynamics, combining pulse examination and hemodynamics is one of the approaches [2]. Recently, some 
studies in how to digitalize pulse and model pulse examination had been proposed [3] [4]. 
Researchers use pulse waveform analysis [5] or Fourier Transform analysis [6] to achieve functional entities 
diagnosis. Fast Fourier Transform (FFT) is used to find the generalized eigenvectors or harmonics of pulse signal [7]. 
Linking the generalized eigenvectors or harmonics with correlated organs and meridians had also been tested using 
hemodynamics. With wavelet analysis [8], and stochastic resonance [9], researchers can classify multi-frequency 
periodic signals. 
To accumulate the pulse data, a platform for researchers to upload data from different instruments and do data 
analysis is needed. Several studies in web-based health systems had been proved to have good impact to users [10]. 
Web-based systems had been used in newborn screening [11], epileptic electroencephalogram analysis [12], 
agoraphobia treatment [13], etc. and have had good results in their implementation. 
The clinical test in the proposed paper is done by analyzing the difference between dead and alive sepsis patients. 
Since more than half of intra-abdominal sepsis patient will result in death, analyzing the mortality of sepsis patients 
had been an important research topic [14]. Researchers use the medical history of patients [15] and oxygen-derived 
variables in patients [16] to measure the mortality risk. 
The proposed work creates a web-based pulse analysis system. To examine the periodic characteristic of the pulse 
signal, the proposed method detects stable periodic wave in time domain using set theory and statistics. The 
proposed algorithm can achieve fast and stable periodic wave detection with a 5% fault tolerance. P-value will be 
calculated after labeling and calculating the harmonics of the two groups. Non-survival sepsis patients in CMV mode 
and CPAP mode can be significantly separated after periodic function examination. 
2. Motivation 
We are seeking for a solution that can link pulse analysis and hemodynamics to modern medicine. With pulse 
analysis, it is possible for us to see the differences between the pulse signal of patients and the pulse signal of 
normal subjects in both TCM analysis and modern medicine with exact digitalized number and well established 
mathematical model. The goal of the research is to use bioinformatics to see if we can find the linkage between 
pulse analysis, hemodynamics and the diagnosis from doctor based on modern medicine knowledge. 
While doing the survey, we found that using FFT to calculate harmonics is commonly used in pulse analysis. 
However, if the signal is not periodic and stable, calculating harmonics in frequency domain will lose its meaning. 
Therefore, before we transform our signal from time domain to frequency domain, a fast periodic function 
examination algorithm for pre-processing is needed. 
3. Material 
3.1. Subject: 
Our research uses clinical data from National Taiwan University Hospital (NTUH). All subjects were awake, 
lying in bed calmly when recording the pulse wave of their left wrists. The experiment contains 15 patients, with 10 
survivors and 5 non-survivors. 
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Fig. 1. (a) Single data display user interface; (b) Flow chart of the periodic function examination method 
3.2. Data Recording Instrument: 
ANSWatch® is used to measure the pulse signals of the patients [17]. The sampling frequency is 500Hz. The 
instrument stores 150000 data points in each record. 
The DynaPulse system can measure the pulse signals of arterial wave form of a subject with the noninvasive cuff 
device [18]. The sampling frequency is 50 Hz [19]. Each record contains around 2000 data points depending on the 
measuring time of Blood Pressure (BP). 
Any data that comply with our designed specification can be accepted by our platform. The uploaded information 
should include systolic pressure, diastolic pressure, pulse waveform, subject ID, record time, measuring instrument, 
and sampling frequency. 
The recorded data uploaded by each user can be grouped for different analyses. 
3.3. Coding Tool and Environments: 
In this project, we use MATLAB 2012a for data testing and data analysis, and use C#.NET for establishing the 
web-based platform. Our operating system is Windows 7. The computer is ASUS, with Intel® Core™ i7-2600 CPU 
@3.4Gh, 8GB RAM, 64bit operating system. 
4. Method 
We found that the number of peaks and wavelength have some relationships in a stable periodic wave. The 
relationship is used as the constraint to identify whether a wave is stable and periodic. We use set theory to prove the 
algorithm. 
4.1. Sets and Constraints: 
Suppose Segment Set S {Ltotal, P(n), Lbfp, Lalp, Lwl} demonstrate a stable periodic wave, where 
Ltotal is the total length of the signal, 
P(n) is the number of peaks, 
Lbfp is the length before the first peak, 
Lalp is the length after the last peak, 
Lwl is wavelength. 
To make the wave stay stable and periodic, the elements in set S must obey some constraints: 
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The constraint can be interpreted to the following equation: 
)1/()1/( d nLLnL totalwltotal   (2) 
4.2. Algorithm Process: 
4.2.1. Stage 0: 
For an input pulse signal S, Ltotal is the length of S. While the fault tolerant is 5%, we suspect all peaks are higher 
than max(S) × 0.95 if the signal is stable enough. The algorithm is feasible for all kinds of periodic signal. For 
periodic signals other than pulse wave, one should use a different starting point selection algorithm to continue the 
following calculation. However, since pulse wave is a relatively stable signal with only one peak in each period, we 
simply make max(S) × 0.95 as the threshold for our peak selection. 
4.2.2. Stage 1: 
The possible existing range of heart rate is 60 to 280 beat per minute [20] and the sampling frequency of our 
recording instrument in the experiment is 500Hz. Therefore, the number of starting point should be between 
floor(Ltotal / 500Hz * 60bpm / 60s – 1)  and ceil(Ltotal / 500Hz * 280bpm / 60s + 1). 
4.2.3. Stage 2: 
Check if every peak to peak distance is between Ltotal / (n+1) and Ltotal / (n-1). Suppose n’ is the number of peaks 
calculated and n’ is larger than the real number of peaks n. n = n’ – c; c ϵ N. The set of all peak to peak segments 
contains one or more length pair such that: 
A + B = Lwl; 0 < A < Lwl; 0 < B < Lwl,  (3) 
where A and B are one length pair. We can derive from the equation: 
min(A, B) İ Lwl / 2    (4) 
Equation 2 and Equation 4 will conflict to each other if n’ Į n h 2. Since normal pulse wave only contains 1 
peak in a period, n’ should not be equal to nh 2, so the input signal is not a stable periodic wave. 
Suppose the number of peaks we find in stage 0, n’, is smaller than the real number of peaks, n. n = n’ + c; c ϵ N, 
where N is the set of all positive integers. For c >1, the peak to peak distance will conflict with Equation 2. 
Having extra points or missing some points in the starting point selection algorithm, each has an independent 
judgment formula. Since both events will not affect Lwl, Equation 2 will still work while they occur simultaneously. 
4.2.4. Stage 3: 
Check if the mean of the Standard Deviation (SD) in all points of peak to peak fragments is smaller than 
SD([mean(S), mean(S)*1.05, mean(S)*0.95]). 
List all fragments from one starting point to the next starting point with the same length Ltotal / (n+1). For each 
point in the set of all length fragments, a SD can be calculated. Then, the mean of all SD is compared to the 
threshold, SD of mean with 5% fault tolerance. 
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Fig. 2. (a) Input pulse signal; (b) Stage 0 and stage 1; (c) Stage 2; (d) Stage 3 
5. Experiment 
We use several groups of pulse data to verify the algorithm. Several experiments were held to find the influence 
of the algorithm on pulse wave harmonics analysis. Pulse waves were broken into 60 segments based on the viewing 
windows of the recording instrument. Each segment contains 2500 points, 5 seconds. 
5.1. Experiment 1: 
Pulse wave segments were separated to two groups, “Stable Periodic Pulse Segment” (SPPS) and “Not Stable and 
Not Periodic Pulse Segment” (NSPPS) by the instrument operators. Each segment contains 2500 points and 5 
seconds and is classified from the dataset in experiment 2. 
The experiment contains 600 SPPSs, and 480 NSPPSs. All segments were classified by the proposed method to 
check if the algorithm can separate the two groups. 
5.2. Experiment 2: 
In experiment 2, two groups of patients are compared to each other, one group is sepsis patients result in death 
within 2 week after the measurement and another group is sepsis patients who survived longer than two weeks. 
Since the air mode of the instrument of patients may interrupt pulse measurement based on the advice of doctors. 
Patients in two different air modes, Continuous Mandatory Ventilation (CMV) mode and Continuous Positive 
Airway Pressure (CPAP) mode will be also considered. In the experiment, we also test the statistics difference with 
or without the proposed periodic function examination method. 
CMV mode is applied to patient with more severe health condition. The air instrument in CMV mode will control 
the frequency and air volume of the breath of a patient so the patient will have less breath freedom. On the other 
hand, CPAP mode is used in patients in better health condition. The frequency of breathes of a patient is not 
controlled by the instrument but by patients themselves. Other than fully controlling the breath, instrument in CPAP 
mode only supports the breath action of the patient. The data of the two air modes are measured within 10 minutes 
when the specific patient is capable of switching the air mode based on the opinion of doctors. 
The experiment contains 15 patients, 10 survivors and 5 non-survivors. Each patient was measured twice with 
one CMV mode data and one CPAP mode data. The total number of data is 30. 
6. Result 
6.1. Experiment 1: 
    Table 1. Experiment 1: SPPS, NSPPS recognition test 
Segment Groups SPPS1 (N = 600) NSPPS2 (N = 480) 
Test Outcome SPPS 580 5 
Test Outcome NSPPS 20 475 
1SPPS: Stable Periodic Pulse Segment; 2NSPPS: Not Stable and Not Periodic Pulse Segment 
SPPS: Sensitivity = 96.67%; Specificity = 98.96%; Total Accuracy = 97.69% 
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6.2. Experiment 2: 
    Table 2. Experiment 2: Survivor and Non-survivor number, age, and female number 
 Survivor Non-survivor 
Number 10 5 
Age 67.6±15 76.4±12 
Female Number 4 (40%) 2 (40%) 
    Table 3. Survival Patient CMV and CPAP mode data without periodic function examination 
Ŕurvival Patient CMV and CPAP mode CMV mode CPAP mode 
Mean SD Mean SD Mean SD 
Harmonic 0 4440510 488332 4520659 283704 4360361 616673 
Harmonic 1 265494 281939 384843 355774 146145 157967 
Harmonic 2 136477 149725 207403 207550 65551 69059 
Harmonic 3 59795 52700 90234 74567 29355 27541 
Harmonic 4 38220 34331 57002 46861 19437 18496 
Harmonic 5 26045 27947 39252 36691 12839 16131 
Harmonic 6 17356 19510 26111 22463 8601 13013 
Harmonic 7 12981 13464 18868 14062 7093 10895 
    Table 4. Non-survival Patient CMV and CPAP mode data without periodic function examination 
Non-ġŴurvival Patient CMV and CPAP mode CMV mode CPAP mode 
Mean SD Mean SD Mean SD 
Harmonic 0 4239543 626833 4308198 503294 4170888 693343 
Harmonic 1 129026 74245 188429 110139 69623 26778 
Harmonic 2 61912 30610 83162 47444 40663 13545 
Harmonic 3 32139 22721 41492 19688 22786 24150 
Harmonic 4 24760 18151 30940 13691 18580 20614 
Harmonic 5 19043 15883 23752 11835 14333 17308 
Harmonic 6 12038 11822 14846 7699 9229 14365 
Harmonic 7 9188 6724 10353 5576 8022 7739 
    Table 5. Survival Patient CMV and CPAP mode data with periodic function examination 
Ŕurvival Patient CMV and CPAP mode CMV mode CPAP mode 
Mean SD Mean SD Mean SD 
Harmonic 0 5577756 577756 5611520 273300 5412541 594059 
Harmonic 1 234765 106727 477990 335973 181518 149175 
Harmonic 2 109391 36464 258444 196891 81683 65512 
Harmonic 3 44456 17316 112100 71486 36469 26403 
Harmonic 4 34299 12987 70169 45572 23927 17987 
Harmonic 5 26474 14119 48332 34757 15809 15281 
Harmonic 6 18815 11672 31960 20823 10528 12063 
Harmonic 7 13337 12821 23352 13844 8779 10726 
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    Table 6. Non-survival Patient CMV and CPAP mode data with periodic function examination 
Non-survival Patient CMV and CPAP mode CMV mode CPAP mode 
Mean SD Mean SD Mean SD 
Harmonic 0 5577756 577756 5611520 273300 5412541 594059 
Harmonic 1 234765 106727 477990 335973 181518 149175 
Harmonic 2 109391 36464 258444 196891 81683 65512 
Harmonic 3 44456 17316 112100 71486 36469 26403 
Harmonic 4 34299 12987 70169 45572 23927 17987 
Harmonic 5 26474 14119 48332 34757 15809 15281 
Harmonic 6 18815 11672 31960 20823 10528 12063 
Harmonic 7 13337 12821 23352 13844 8779 10726 
    Table 7. P-value calculation in Survival vs Non-survival patient 
Survival vs Non-
survival patient 
CMV and CPAP mode CMV mode CPAP mode 
Without PFE1 With PFE Without PFE With PFE Without PFE With PFE 
Harmonic 0 0.766 0.574 0.377 0.347 0.322 0.348 
Harmonic 1 0.422 0.314 0.096 0.067 0.951 0.716 
Harmonic 2 0.627 0.365 0.126 0.104 0.830 0.654 
Harmonic 3 0.660 0.515 0.149 0.175 0.880 0.986 
Harmonic 4 0.503 0.784 0.081 0.148 0.534 0.524 
Harmonic 5 0.434 0.461 0.186 0.251 0.248 0.287 
Harmonic 6 0.493 0.538 0.168 0.266 0.474 0.525 
Harmonic 7 0.376 0.768 0.259 0.304 0.446 0.595 
1PFE: Periodic Function Examination 
    Table 8. P-value calculation in CMV mode vs CPAP mode 
CMV vs CPAP mode Survival Patient Non-survival patient 
Without PFE With PFE Without PFE With PFE 
Harmonic 0 0.119 0.106 0.312 0.100 
Harmonic 1 0.879 0.957 0.081 0.006 
Harmonic 2 0.675 0.863 0.050 0.001 
Harmonic 3 0.720 0.950 0.259 0.026 
Harmonic 4 0.633 0.985 0.350 0.006 
Harmonic 5 0.663 0.934 0.419 0.024 
Harmonic 6 0.760 0.753 0.410 0.089 
Harmonic 7 0.925 0.766 0.777 0.136 
7. Conclusion and Future Work 
In Table 1, the total recognition rate is 97.69%. For clinical analysis, whether the system can find signals that are 
not stable periodic wave is more important. Also, for harmonic analysis, each classified SPPS can show a rather 
clear harmonic spectrum in frequency domain. The algorithm can do odd detection and can provide good segment 
selection for harmonics analysis. 
In Tables 3-6, experiment 2 shows that harmonics in CMV mode tend to have higher value than CPAP mode, and 
survival patients tend to have higher harmonics and smaller harmonics SDs than non-survival patients. 
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In Table 7, we can see that all survival vs non-survival patients cannot be significant statistically. The only 
statistically significant comparison will be CMV mode vs CPAP mode in non-survival patients. The reason why 
CMV mode and CPAP mode can be separated may be because non-survival patients cannot breathe comfortably, 
and the system can recognize the situation before doctors and the patients themselves notice it. 
The algorithm can be applied to any stable periodic wave other than pulse wave from stage 1 to stage 3. To apply 
the algorithm to other signals, changing the starting point selection method, stage 0, with the unique pattern of the 
input signal, can make the algorithm a new approach to periodic function examination other than frequency analysis. 
Various fields of science such as signal processing, nerve physiology, intelligence theory, nonlinear optics, 
communication engineering and sociology can use the proposed algorithm to detect stable periodic signals. 
The system can analyze pulse signals on the proposed web-based platform. The platform supports baseline 
extraction, periodic function examination, feature extraction with harmonics, and statistics with two-sample t-test. 
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